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(54) Radar Apparatus 



(57) A radar apparatus which can detect an abnor- 
mality such as a drop in sensitivity, or a fault in the radar 
apparatus comprises; a transmission device and a re- 
ception device of a beam, and a processing unit for de- 
tecting the position of a target object from the transmis- 
sion signal and the reception signal, and the processing 



unit comprises a signal separation device, a roadbed re- 
flection analysis device and an abnormality judging de- 
vice, and the radar apparatus is judged to be abnormal 
when a reflection signal from a roadbed is not detected 
by the roadbed reflection analysis device with respect 
to a low-intensity spectrum signal separated by the sig- 
nal separation device. 
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Description 

[0001] The present invention relates to a radar appa- 
ratus utilized as a vehicle radar system or the like, and 
more specifically relates to an abnormality detection 
method for detecting an abnormality of a radar appara- 
tus, and a radar apparatus using this abnormality detec- 
tion method. 

[0002] This application is based on Japanese Patent 
Application No. Hei 11-046055, the contents of which 
are incorporated herein by reference. 
[0003] A vehicle radar apparatus has heretofore been 
made practicable for obstacle detection, detecting an 
object within a relatively short distance so that, for ex- 
ample, at the time of putting a vehicle into a garage : the 
vehicle does not collide against an obstacle such as a 
telegraph pole, a block wail or the like. Moreover, re- 
search for making practicable a radar apparatus, which 
intercepts a target object at a relatively long distance at 
a high speed and at high accuracy, has been recently 
promoted as an alarm system for preventing a rear-end 
collision with a vehicle driving ahead, or a collision at 
the time of driving a vehicle, other than prevention of a 
collision against the above described stationary obsta- 
cles, or as an adaptive cruise control system (ACC) at 
the time of so-called auto-cruise. 
[0004] For example, in the US Patent No. RE 36,095 
by the present applicant, is proposed a multi-beam radar 
apparatus which uses a high frequency beam in a mil- 
limeter-wave band as a transmit-beam. In this publica- 
tion there is disclosed a radar apparatus which improves 
the detection accuracy by radiating spatially overlapping 
beams, using a plurality of transmitter-receiver devices, 
and changing the combination of the transmitter-receiv- 
er devices. 

[0005] Moreover, in the publication EP 0840140A1 by 
the present applicant, is proposed a scan beam radar 
apparatus which uses a high radio frequency in a mil- 
limeter-wave band as a transmit-beam. In this publica- 
tion there is disclosed a method of scanning the radio 
frequency radiated from a primary radiator by means of 
a rotating reflective body and converging the reflected 
beam by a dielectric lens to reduce a spread angle, to 
thereby radiate the reflective beam in the vehicle driving 
direction. 

[0006] However, for example, with the multi-beam ra- 
dar apparatus, the detection area has an intrinsic detec- 
tion area defined for each combination of respective 
transmitter-receiver devices, and the position of a target 
object. That is, an azimuth angle and a distance with 
respect to a vehicle are calculated by synthesizing the 
received data observed for each combination of these 
transmitter-receiver devices. Therefore, if any one of the 
plurality of transmitter devices or receiver devices 
breaks down or deteriorates to impair the sensitivity, the 
radar apparatus must accurately measure the sensitivity 
and must appropriately judge the abnormality. 
[0007] Moreover, for example, with the aforesaid scan 



beam radar apparatus, a transmitter-receiver circuit nor- 
mally adopts a pair construction, hence the azimuth er- 
ror as in the multi-beam radar apparatus is not likely to 
occur due to deterioration of the transmission circuit or 
s the reception circuit. On the other hand however, the de- 
tection sensitivity deteriorates evenly over all directions. 
[0008] Therefore, it has heretofore been necessary to 
regularly measure the sensitivity of the radar apparatus 
and confirm that there is no abnormality therein, such 
io as sensitivity deterioration or the like. This sensitivity 
measurement however, has been performed by trans- 
porting a vehicle mounted with the radar apparatus to a 
test environment where a reference target is installed, 
transmitting and receiving a beam to/from the reference 
*s target in a state that the vehicle is halted at a predeter- 
mined test position, and measuring the reception level. 
Hence there is a problem that much time and man-hours 
are required. Moreover, the sensitivity may be impaired 
due to some reason, and a partial breakdown may be 
20 caused in a constituent circuit during the regular check. 
[0009] Therefore, there has been devised a method 
for predicting the sensitivity of a radar apparatus from 
the detection number for the target objects which are 
detected for a predetermined period of time, for the pur- 
2S pose of detecting abnormalities in a vehicle mounted 
condition. With this method however, there is a problem 
in that the abnormality judgement varies widely accord- 
ing to individual conditions such as vehicle travelling 
state and the road environment for travelling, such that 
30 when the target object is not detected within the prede- 
termined period of time, the estimation is not possible 
(or erroneous judgement is caused). Hence, a radar ap- 
paratus has been desired which can measure the sen- 
sitivity and judge the abnormality during travelling, with- 
3S out being affected by such individual conditions. 

[0010] The present invention has been completed un- 
der such a background, and at least in its preferred 
forms the present invention provides a radar apparatus 
which detects and judges abnormality of the radar ap- 
40 paratus in the normally used state of a vehicle, without 
the need to transport the vehicle to a special environ- 
ment, and avoids various problems, even if a sensitivity 
drop or a breakdown of the transmitter-receiver devices 
occurs. 

4S [0011] To solve the above described problems, with 
the present invention, with a radar apparatus for mount- 
ing on a vehicle and having: a beam transmission device 
(for example, the transmission section 30 in embodi- 
ments) for radiating a beam as a transmission signal; a 

^0 beam reception device (for example, the reception sec- 
tion 40 in the embodiments) for receiving a signal re- 
flected from a target object which is within a radiation 
range of the radiated beam; and a processing unit (for 
example, the detection/control section 50 in the embod- 

ss iments) for detecting the position of a target object from 
the transmission signal and the reception signal. The 
processing unit has a roadbed reflection analysis device 
(for example, the roadbed reflection analysis circuit 51b 
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in the embodiments) for analyzing Irom among the re- 
ception signals, a roadbed reflection signal reflected 
from a roadbed, and incorporates an abnormality judg- 
ing device (for example, the abnormality judging circuit 
51c in the embodiments) for judging an abnormality of 
the beam transmission device or the beam reception de- 
vice, based on the analysis results of the roadbed re- 
flection analysis device. 

[0012] With the above described construction, the 
processing unit has a roadbed reflection analysis device 
for analyzing from among the reception signals being 
received, a roadbed reflection signal reflected from a 
roadbed, and the abnormality judging device judges that 
the beam transmission device or the beam reception de- 
vice is abnormal, when a reflection signal is not detected 
from the roadbed by the roadbed reflection analysis de- 
vice. Hence, abnormality in the radar apparatus can be 
detected and judged during travelling, without transport- 
ing and setting a vehicle in a special measurement en- 
vironment to measure the sensitivity, and without de- 
pending upon the road environment, such as the pres- 
ence or absence of a target object normally serving as 
a target of the radar apparatus. 

[0013] Moreover, with the radar apparatus wherein 
the processing unit detects the position of the target ob- 
ject by using the transmission signal and the reception 
signal and performing frequency conversion process- 
ing, the processing unit comprises a signal separation 
device (for example, the signal separation circuit 51a in 
the embodiment) for separating a low-intensity spec- 
trum signal not higher than a previously set predeter- 
mined intensity level, from among the received spec- 
trum signals which have been frequency-conversion 
processed by the processing unit. The roadbed reflec- 
tion analysis device preferably analyzes the separated 
low-intensity spectrum signal as the roadbed reflection 
signal. 

[001 4] With such a radar apparatus, the reflection sig- 
nal from the target object normally serving as a target 
of the radar apparatus is comprehended as a spectrum 
signal having a certain peak intensity. The position of 
the target object is calculated by analyzing the spectrum 
signal having a peak intensity not less than this certain 
intensity. On the other hand, the reflection signal from 
the roadbed does not have such a strong peak, and is 
a power spectrum peculiar to road noise which is dis- 
persed with low intensity. Hence, by separating such a 
signal not higher than a certain level and analyzing the 
signal, the roadbed reflection signal can be extracted 
and analyzed, and an abnormality can be judged by 
comparing the signal with the roadbed reflection signal 
data from the power spectrum stored for example in a 
memory. 

[0015] Furthermore, the roadbed reflection analysis 
device is further provided with a correlation calculation 
device (for example, the correlation calculation circuit 
510 in the embodiments) for calculating a correlation 
value between the low-intensity spectrum signal at an 



optional one time and the other low-intensity spectrum 
signal at another time. The abnormality judging device 
preferably judges an abnormality in the beam transmis- 
sion device or the beam reception device, based on the 

s calculated correlation value. 

[0016] Generally, the roadbed reflection signal be- 
comes different depending upon the roadbed situation 
and the travelling state. If the radar apparatus has nor- 
mal sensitivity, there exists, within a range travelling the 

to same roadbed, a certain correlation between the road- 
bed reflection signal (low-intensity spectrum signal) at 
optional one time and the roadbed reflection signal (the 
same) at another time. On the other hand, if the radar 
apparatus does not have normal sensitivity, and has on- 

15 ly a noise component, the correlation between the two 
is observed as being very low. Therelore, with the above 
described construction wherein the correlation value be- 
tween low-intensity spectrum signals in very short inter- 
vals is calculated by the correlation calculation device, 

20 and when the correlation between them is low, this is 
judged to be abnormal, it can be judged if the transmis- 
sion and reception sensitivity of the radar apparatus is 
normal or not in an optional roadbed situation, without 
storing and comparing a large amount of data in the 

25 memory. 

[0017] Moreover, the vehicle has a vehicle speed de- 
tection device (for example, the vehicle speed detection 
device 58 in the embodiments) for detecting the moving 
speed of the vehicle, and the roadbed reflection analysis 

30 device further has a Doppler calculation device (for ex- 
ample, the Doppler calculation circuit 51 5 in the embod- 
iments) for calculating the Doppler shift quantity of the 
received spectrum signal calculated from the moving 
speed at the one time and the Doppler shift quantity of 

35 the received spectrum signal calculated from the mov- 
ing speed at the other time. Desirably the correlation cal- 
culation device calculates the correlation value based 
on the Doppler shift quantity at the one time and the 
Doppler shift quantity at the other time. 

40 [0018] With the above described construction, the 
Doppler calculation device respectively detects the 
moving speed of a vehicle (vehicles own speed) at one 
time when data sampling is performed for calcu lating the 
correlation value, and the vehicles own speed at another 

45 time, and calculates the Doppler shift quantity of the re- 
ceived spectrum signal, caused therein due to the re- 
spective vehicle speeds at the time of sampling. The 
correlation calculation device calculates the correlation 
value based on the relative shift quantity between the 

50 two spectra, at the time of calculating the correlation. 
Hence, even if the vehicles own speed varies between 
two detection points, by correcting this, the error in the 
correlation value can be corrected to perform accurate 
judgement. 

55 [0019] Moreover, in the case where the radar appara- 
tus is an FM-CW radar apparatus in the millimeter-wave 
band, the vehicle has a vehicle speed detection device 
(for example, the vehicle speed detection device 58 in 
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the embodiments) for detecting the moving speed of the 
vehicle, and the roadbed reflection analysis device has 
a Doppler calculation device (for example, the Doppler 
calculation circuit 515 in the embodiments) for calculat- 
ing from the detected moving speed of the vehicle, the 
Doppler shift quantity of the received spectrum signal in 
a frequency rising section of the transmission signal of 
the FM-modulated beam and the Doppler shift quantity 
of the received spectrum signal in a frequency falling 
section of the transmission signal. Preferably the corre- 
lation calculation device calculates the correlation value 
of the low-intensity spectrum signals in the frequency 
rising section and the frequency falling section, from the 
low-intensity spectrum signal detected in the frequency 
rising section, the low-intensity spectrum signal detect- 
ed in the frequency falling section, and the respective 
Doppler shift quantities calculated by the Doppler cal- 
culation device. 

[0020] In the FM-CW radar apparatus, the frequency 
of the millimeter-wave band beam to be transmitted has 
a frequency rising section and a frequency falling sec- 
tion within a certain bandwidth. The reception signal re- 
flected from a target object is detected with a time lag 
depending upon the distance between the radar appa- 
ratus and the target object. Therefore, in the signal ob- 
tained by mixing the transmission/reception signals, a 
beat signal with a frequency which is different in the fre- 
quency rising section and in the frequency falling section 
is detected. The beat signal however, causes a Doppler 
shift which is different in the frequency rising section and 
in the frequency falling section, depending on the mov- 
ing speed of a vehicle. 

[0021] With the radar apparatus having the above de- 
scribed construction however, the Doppler calculation 
device calculates the Doppler shift quantity of the re- 
ceived spectrum signal in the frequency rising section 
of the transmission signal and the Doppler shift quantity 
of the received spectrum signal in the frequency falling 
section of the transmission signal, from the vehicles own 
speed detected by the vehicle speed device mounted 
on the vehicle. The correlation calculation device calcu- 
lates the correlation value based on respective Doppler 
shift quantities in the frequency rising section and the 
frequency falling section at the time of calculating the 
correlation value. Therefore, even if the frequency of the 
FM wave rises or falls between two points to be detected 
or the vehicles own speed changes, the correlation val- 
ue can be corrected to perform accurate judgement. 
[0022] Some embodiments of the present invention 
will now be described, by way of example only with ref- 
erence to the accompanying drawings in which: 
[0023] FIG. 1 is a block diagram showing a construc- 
tion of an embodiment of a radar apparatus according 
to the present invention. 

[0024] FIG. 2 is a block diagram showing a construc- 
tion of another embodiment of a radar apparatus ac- 
cording to the present invention. 
[0025] FIG. 3 is a graph lor explaining the relation be- 



tween transmission and reception waves observed at 
the time of stopping or travelling at a low speed, in a 
CW-FM radar apparatus. 

[0026] FIGs. 4A and 4B show power spectrums ob- 
5 tained by performing a Fourier transform on the trans- 
mission/reception waves at the time t 1 and the time t 2 in 
FIG. 3. 

[0027] FIG. 5 is a graph for explaining the relation be- 
tween transmission and reception waves observed at 
10 the time of travelling at a high speed, in a CW-FM radar 
apparatus. 

[0028] FIGs. 6A and 6B show power spectrums ob- 
tained by performing a Fourier transform on the trans- 
mission/reception waves at the time \, and the time U in 
is FIG. 5. 

[0029] FIG. 7 is a flowchart illustrating the flow of sig- 
nal processing in the radar apparatus of the above em- 
bodiment. 

[0030] FIG. 8 is diagrams for explaining a signal 

20 waveform in each step in the above flowchart. Of these, 
FIG. 8 A shows a power spectrum observed in an FM 
frequency rising section, and FIG. 8B shows a power 
spectrum observed in an FM frequency falling section, 
which conceptually show the Doppler shift relationship 

25 between the two. 

[0031] FIG. 9 is diagrams for explaining a signal 
waveform in each step in the flowchart shown in FIG. 7. 
Of these, FIG. 9A shows states where the Doppler shift 
correction is performed and the low-intensity spectrum 

30 signal is picked out, and FIG. 9B shows a result of a 
correlation calculation with respect to an overlapping 
portion of the two in FIG. 9A : where (i) shows the case 
where the correlation between the two is strong, and (ii) 
shows a case where the correlation between the two is 

35 weak. 

[0032] FIG. 10 is a block diagram for explaining the 
construction of the overall radar apparatus according to 
the present invention. 

[0033] In FIG. 10 is shown as a block diagram, an 
40 overall construction of a time-division type FM-CW mul- 
ti-beam radar apparatus which is one embodiment of the 
present invention. The radar apparatus 1 comprises four 
antennas 10a to 10d, an FM wave generation circuit 20, 
a transmission section 30 having a four-channel con- 
45 struction, a reception section 40 having a four-channel 
construction, a detection/control section 50, and four di- 
rectional couplers 60a to 60d. 

[0034] The antennas 10a to 10d comprise an offset 
defocus parabolic multi-beam antenna or the like, hav- 

50 ing a radiating pattern of a radiating beam having a spa- 
tially partially overlapping portion. The FM wave gener- 
ation circuit 20 comprises a voltage-controlled oscillator 
21 for generating a radio wave in a submillimeter wave 
band of for example 20 GHz or 25 GHz, a sweep circuit 

55 22 for supplying modulation voltage of a triangular wave 
form to the voltage-controlled oscillator 21 , and a power 
dividing circuit 23 for dividing the modulated power to 
the transmission section 30 and the reception section 
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40. The transmission section 30 comprises a transmis- 
sion switching circuit 31 for switching the modulated 
power to each antenna at a predetermined timing, and 
frequency multiplication circuits 32a to 32d for multiply- 
ing the transmitted modulated power by three and con- 
verting this to an FM wave in the millimeter-wave band 
such as 60 GHz or 75 GHz. 

[0035] The reception section 40 comprises a local 
switching circuit 41 for switching a local modulation pow- 
er divided by the power separating circuit 23, thrice mul- 
tiplication circuits 42a to 42d for converting the local 
modulation power into the same frequency as that of the 
transmitted modulation power, mixing circuits 43a to 
43d, and a beat selector 44. The detection/control circuit 
50 comprises a processing unit (CPU) 51 , an amplifica- 
tion circuit 52, an A/D conversion circuit 53, a fast Fou- 
rier transform circuit (FFT) 54, and a timing control cir- 
cuit 55. 

[0036] Transmit-beams Txa to Txd modulated to FM 
waves in the millimeter-wave band of for example 60 
' GHz pass through the directional couplers 60a to 60d, 
and are supplied to antennas 1 0a to 1 0d at different tim- 
ing, and radiated from the antennas to a target object. 
[0037] Of the transmit-beams Txa to Txd radiated 
from the antennas 10a to 10d, the transmit-beams re- 
flected by the target object are received by the antennas 
10a to 10d as reflected waves Rxa to Rxd, separated 
from the transmission wave by the directional couplers 
60a to 60d and input to the reception section 40, and 
synthesized with local FM modulation waves Loa to Lod 
at a predetermined timing by the mixing circuits 43a to 
43d to generate beats Bta to Btd in the synthesized sig- 
nal. The beat selector 44 then sequentially selects the 
beat signals Bta to Btd output from the mixing circuits 
43a to 43d, and outputs them to the detection/control 
circuit 50. 

[0038] The beat signals Bta to Btd output to the de- 
tection/control circuit 50 are amplified by the amplifica- 
tion circuit 52, then converted into digital form by the A/ 
D conversion circuit 53, frequency-converted by the fast 
Fourier transform circuit (FFT) 54, and output to the 
processing unit (CPU) 51 as a power spectrum having 
a peak in the frequency corresponding to the beat fre- 
quency. 

[0039] The processing unit 51 calculates the propa- 
gation delay time of the FM wave with respect to the 
spectral frequency having a power intensity not less 
than a certain level, from each input power spectrum, 
and calculates the distance to the target object based 
thereon. Moreover, the processing unit 51 calculates the 
azimuth of the target object from the peak intensity of 
each power spectrum, by a weighted averaging 
processing, and determines the position of the target ob- 
ject from the calculated distance and azimuth. 
[0040] For example, FIG. 3 conceptually shows the 
relation between a local wave (dispatched wave) Loa 
and received wave Rxa, when a target object arranged 
at a certain distance is observed in a state with a vehicle 



stopped or travelling at a low speed, taking frequency 
along the vertical axis and time along the horizontal axis. 
In a state with a low relative speed between the vehicles, 
only a time lag component until the transmitted beam is 

5 reflected by the target object and received operates be- 
tween the transmission wave and the reception wave. 
Hence as shown in FIG. 3, the frequency difference 5fu 
of the transmission/reception waves in the frequency 
rising section of the FM wave (for example, at a time t n 

10 in FIG. 3) and the frequency difference Sfd of the trans- 
mission/reception waves in the frequency falling section 
(for example, at a time t 2 in FIG. 3) becomes roughly the 
same certain value. In the synthesized signal obtained 
by synthesizing these transmission/reception waves by 

is means of the mixing circuit, there is generated a beat 
signal Bta with a frequency corresponding to the fre- 
quency difference 5fu = 5fd. 

[0041] Since the frequency difference of the transmis- 
sion wave and the reception wave represents a propa- 

20 gation delay lime of the FM wave, the closer the target 
object, the smaller the frequency difference, and the far- 
ther the target object, the larger the frequency differ- 
ence. Therefore this frequency difference, that is the fre- 
quency of the beat signal Bta in the synthesized signal 

25 becomes lower as the target object becomes closer, and 
becomes higher as the target object becomes farther 
away. Hence, the distance to the target object can be 
calculated by analyzing the frequency of the beat signal 
Bta. 

30 [0042] FIGs. 4A and 4B show the power spectrum ob- 
tained by frequency-converting the beat signal Bta sam- 
pled at a time t-, (FIG. 4A) and t 2 (FIG. 4B), respectively, 
by the fast Fourier transform circuit 54, which in this con- 
dition is detected as a waveform having a peak roughly 
35 at the same frequency. The processing unit 51 picks out 
a spectral component having a peak intensity exceeding 
a certain threshold level Ls (shown by the alternate long 
and short dash line in FIG. 4) from the power spectrum 
measured in this manner, and calculates the distance to 
40 the target object, from this frequency (hereinafter re- 
ferred to as a n p eak frequency"). 
[0043] The low-intensity spectrum signal not higher 
than the above described threshold level Ls is a signal 
which has heretofore been excluded (noise processed) 
45 as not being significant information for the target object, 
as described above. However in this signal, other than 
a so-called noise component, there is included a spec- 
trum signal of a weak reflected wave of the transmitted 
beam. For example, reflected spectrum signals from a 
so roadbed, an object scattered on the roadbed, a reflec- 
tive mirror laid in the roadbed in the center of the road, 
difference in level on the shoulder of the road and the 
like (referred to as "roadbed reflective signal") corre- 
spond thereto, and differ according to respective dis- 
ss tance, reflective area and the vehicles own speed. 
Therefore these become a power spectrum having 
weak power dispersed over a generally wide frequency 
band. 
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[0044] The roadbed reflective signal however has in- 
formation peculiar to the road environment where the 
vehicle travels, and on the detected power spectrum 
there can be found a definite regularity corresponding 
to the road environment being traveled. 
[0045] Therefore, the radar apparatus of the present 
invention gives attention to the regularity found in this 
manner, and judges if the sensitivity of the transmission/ 
reception circuit of the radar apparatus has dropped or 
not, depending upon whether or not the sensitivity lies 
within the predetermined regularity. 
[0046] With the embodiment of the radar apparatus 
according to the present invention, as shown in outline 
in the block diagram of FIG. 1 of the multi-beam radar 
apparatus, a processing unit 51 in a radar apparatus 1 
comprises a signal separation circuit 51a for separating 
a low-intensity spectrum signal not higher than a certain 
intensity level, a roadbed reflection analysis circuit 51b 
having a correlation calculation circuit 510 for calculat- 
ing the correlation value of the low-intensity spectrum 
signal at two separated times, and an abnormality judg- 
ing circuit 51c for performing abnormality judgement of 
the radar apparatus based on the analysis results of the 
roadbed reflection analysis circuit 51 b. 
[0047] When it is judged from the correlation value be- 
tween the two low-intensity spectrum signals calculated 
by the correlation calculation circuit 510 in the roadbed 
reflection analysis circuit 51b that the correlation be- 
tween them is low, the abnormality judging circuit 51c 
judges that the radar apparatus is abnormal. 
[0048] That is to say, in a state where the transmis- 
sion/reception circuit of the radar apparatus has normal 
sensitivity, the low-intensity spectrum signal detected at 
two optional times in the same roadbed travelling state 
has a power spectrum peculiar to each of the travelling 
roadbeds. Hence, a certain correlation can be found be- 
tween these. However, if the radar apparatus does not 
have normal sensitivity, and the low-intensity spectrum 
signal is a noise component, these two low-intensity 
spectrum signals are dispersed, and the correlation be- 
tween them becomes very low. 

[0049] With this embodiment, the signal separation 
circuit 51a in the processing unit 51 takes out a low-in- 
tensity spectrum signal Ps, not higher than a threshold 
level Ls from the power spectrum at a time t, shown in 
FIG. 4A, and takes out a low-intensity spectrum signal 
Ps 2 from the power spectrum at a time ^ shown in FIG. 
4B in the same manner, and outputs these to the road- 
bed reflection analysis circuit 51b. The correlation cal- 
culation circuit 51 0 in the roadbed reflection analysis cir- 
cuit 51b calculates the correlation value of the input two 
low-intensity spectrum signals. For example, the spec- 
trum Ps 2 at the time tg is subtracted from the spectrum 
Ps, at the time X v or the cross-correlation between the 
two signals is calculated to calculate the cross-correla- 
tion function. 

[0050] The abnormality judging circuit 51c judges that 
the radar apparatus is receiving a roadbed reflection sig- 



nal and that the transmission/reception sensitivity is nor- 
mal when it is judged from the correlation value calcu- 
lated in the above manner, that there is a certain corre- 
lation between two low-intensity spectrum signals, for 
s example when Ps, - Ps 2 in the above example is within 
a certain dispersion width. Moreover, when it is judged 
that there is no correlation between them, for example, 
when the above described Ps, - Ps 2 exceeds the certain 
dispersion width, it is judged that the radar apparatus is 
io not receiving the roadbed reflection signal accurately 
and that the transmission/reception sensitivity is drop- 
ping. 

[0051] The abnormality judging circuit 51c performs 
the above described abnormality judgement for each 
1* combination circuit of the transmission circuit 30 and the 
reception circuit 40 which constitute the multi-beam ra- 
dar. When there is a combination circuit which is judged 
to be abnormal, the abnormality judging circuit 51 c 
specifies the circuit and outputs an abnormality signal 
20 to the processing unit 51 . 

[0052] The processing unit 51 which has received the 
above described abnormality judging signal, displays a 
warning to the effect that there is an abnormality in the 
radar apparatus 1 (or as required, up to the combination 
2S circuit in which the abnormality has been lound) in a 
place which can be easily checked by the passenger, 
such as an instrument panel of the vehicle. The process- 
ing unit 51 can calculate the position of the target object 
by excluding the data in the combination circuit which is 
30 abnormal. 

[0053] Therefore, with the radar apparatus described 
above, an abnormality in the transmission/reception cir- 
cuit of the radar apparatus can be judged, without trans- 
porting the vehicle to a special environment, and even 
3$ in a road environment where a significant target object 
cannot be found (no spectrum having a power of a 
threshold level or higher on the power spectrum). More- 
over, since the position of the target object can be cal- 
culated by excluding the data according to need, prob- 
*o lems due to the abnormality can be prevented. 

[0054] In a state with a vehicle mounted with an FM- 
CW radar apparatus and travelling at high speed, the 
reception wave is affected by the Doppler effect, as de- 
scribed below. Hence different power spectrum are de- 
4 $ tected in the FM frequency rising section and the FM 
frequency falling section. However, it is possible for the 
processing unit 51 to judge abnormality in the same 
manner in the above described construction, by select- 
ing a power spectrum, for example, between frequency 
50 rising sections such as time t, and time t 3 in FIG. 3, or 
between the frequency falling sections such as time t 2 
and time t 4 , and constituting the correlation calculation 
circuit 510 so as to calculate the correlation value with 
respect to the low-intensity spectrum signals in these 
equivalent sections. 

[0055] For example, a time interval dt of the data sarrv 
pling is taken as a reference for selecting these two 
points, and a limitation is made so that the time interval 
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dt is within the same rising section, or the setting is such 
that the time interval dt extends over the adjacent rising 
sections (for example, so as to be the same as the pe- 
riod of the FM frequency). Then, these two points are 
swept in sequence, to thereby enable continuous meas- 
urement. 

[0056] Next, FIG. 5 shows the relation between the 
transmission wave (local wave) Loa and the reception 
wave Rxa when a target object and the radar apparatus 
move close to each other with a relative speed, for ex- 
ample, when a vehicle travels toward a stationary target 
object at a certain speed . At this time, the reception 
wave Rxa, as with the case of FIG. 3, has a propagation 
delay time depending on the distance between the tar- 
get object and the radar apparatus. However in this sit- 
uation, at the same time a Doppler shift fdp proportional 
to the approaching speed of the vehicle is produced, 
thereby shifting the reception wave Rxa in the direction 
of increasing frequency f . 

[0057] As a result, the frequency difference Sfu of the 
transmission/reception waves in the frequency rising 
section (for example, time t,) and the frequency differ- 
ence 5fd of the transmission/reception waves in the fre- 
quency falling section (for example, time y which have 
been the same in a state with both of the target object 
and the radar apparatus stationary, become different as 
shown in FIG. 5, having a relation of Sfu < Sfd (when the 
relative distance is increasing, Sfu > 5fd). 
[0058] Therefore, the peak frequency of the power 
spectrum into which the beat signal Bta observed at the 
two times is FFT transformed, respectively, will be de- 
tected such that though the relative position of a vehicle 
and a target object hardly changes and is roughly the 
same within the frequency rising/falling time (times t 1 
and t 2 ). Further, as shown in FIGs. 6A and 6B, the peak 
frequency at time t 1 which is the frequency rising section 
(FIG. 6A) is low, and the peak frequency at time t 2 which 
is the frequency falling section (FIG. 6B) is high. 
[0059] Accordingly, the problem arises in that when 
the position of a target object is calculated in the same 
way from the detected peak frequency, not depending 
upon the frequency rising section or falling section, the 
target object may be recognized as two objects at dif- 
ferent distances or as an object having a large width in 
the length direction, though this is actually one target 
object. 

[0060] The problem of the Doppler shift fdp depending 
on the vehicles own speed is caused not only with a tar- 
get object having a peak frequency as described above, 
but also in the whole area of the frequency domain de- 
tection of the power spectrum detected by the FM-CW 
radar apparatus, and similarly with the low-intensity 
spectrum signal described above. 
[0061] With an other embodiment of a radar appara- 
tus according to the present invention, as shown in out- 
line in FIG. 2 showing a block diagram of a multi-beam 
radar apparatus of this embodiment, a radar apparatus 
1 comprises, in addition to the radar apparatus of the 



embodiment described above, a vehicle speed detec- 
tion device 58 for detecting the moving speed of a vehi- 
cle (vehicles own speed). Moreover, the roadbed reflec- 
tion analysis circuit 51b in the processing unit 51 in- 
5 eludes a Doppler calculation circuit 515 for calculating 
the Doppler shift quantity produced corresponding to the 
vehicles own speed. 

[0062] The vehicles own speed detected by the vehi- 
cle speed detection device 58 is output to the processing 
10 unit 51 , and input to the roadbed reflection analysis cir- 
cuit 51 b in the processing unit 51 . The Doppler calcula- 
tion circuit 515 in the roadbed reflection analysis circuit 
51 b respectively calculates the Doppler shift quantity of 
the received spectrum signal in the frequency rising sec- 
ts tion of the transmission signal and the Doppler shift 
quantity of the received spectrum signal in the frequency 
falling section of the transmission signal, from the vehi- 
cles own speed input in succession, and outputs these 
to the correlation calculation circuit 510. 
20 [0063] The correlation calculation circuit 510 in the 
roadbed reflection analysis circuit 51 b, when calculating 
the correlation value of the two low-intensity spectrum 
signals input from the signal separation circuit 51a as 
described above, performs computational processing of 
2S the correlation between signals based on the respective 
Doppler shift quantities of the two low-intensity spec- 
trum signals calculated by the Doppler calculation circuit 
51 5. When by a similar method to that described above, 
it is judged from the correlation results that there is no 
30 correlation higher than a certain level between the two 
low-intensity spectrum signals, the abnormality judging 
circuit 51c judges that the radar apparatus 1 is abnor- 
mal. 

[0064] The operation of the radar apparatus 1 of this 

35 embodiment will be described in detail with reference to 
the drawings. FIG. 7 shows a flowchart of the signal 
processing in the processing unit 51 of the radar appa- 
ratus 1, and FIG, 8 shows a processing waveform in 
each step shown in the processing flow (shown by a 

40 processing step number). In the following, the descrip- 
tion is for the case where the sampling of the distance 
data for calculating the above described correlation val- 
ue is carried out at two points in the FM frequency rising 
section and falling section. 

45 [0065] First, the processing unit 51 sequentially reads 
the vehicles own speed output from a vehicle speed de- 
vice 58, for example a speedometer of the vehicle, for 
each sampling (step S10). From the vehicles own 
speed, the processing unit 51 calculates the Doppler 

so shift quantity respectively for the FM frequency rising 
section and the FM frequency falling section (in the fig- 
ure, each is denoted simply by "rising section" and "fall- 
ing section") by means of the Doppler calculation circuit 
515 (step S20). 

55 [0066] The roadbed reflection analysis circuit 51b cor- 
rects the Doppler shift quantity calculated in the above 
step 20, with respect to the rising section power spec- 
trum which is sampled in the frequency rising section, 
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FFT-transformed by the fast Fourier transform circuit 54 
and input to the processing unit 51, and the falling sec- 
tion power spectrum which is sampled in the frequency 
falling section, and input to the processing unit 51 in the 
same manner, and selects the overlap sections Sup and 
Sdn of both spectra. Then, the signal separation circuit 
51a picks out two low-intensity spectrum signals Psu 
and Psd not higher than a threshold level Ls by means 
of (steps S30 to S60, FIGs. 8A and 8B). 
[0067] The correlation calculation circuit 510 sets, 
from a low-intensity spectrum signal Psu picked out from 
the frequency rising section and a low-intensity spec- 
trum signal Psd picked out from the frequency falling 
section, only an area where the effective portions of both 
signals are overlapping, as an effective correlation cal- 
culation area (step S70, FIG. 9A), and calculates the 
correlation value between the two low-intensity spec- 
trum signals Psu and Psd for the area (step S80). 
[0068] Here, FIG. 9B shows, as the correlation value, 
the calculation result carried out using Pdif = Psu - Psd 
as an evaluation reference. When a roadbed reflection 
signal is received and the correlation between the two 
low-intensity spectrum signals is strong, then as shown 
in (i), the dispersion width of Pdif (Psu - Psd) is small 
and can be accommodated in a certain dispersion width. 
However, when the reception sensitivity of the roadbed 
reflection signal is low, and the main component is ran- 
dom noise, the correlation between the two low-intensity 
spectrum signals becomes weak, and in this case, as 
shown in (ii), the dispersion width of Pdif becomes large. 
[0069] Therefore, in the example of the above corre- 
lation calculation, the abnormality judging circuit 51c 
compares if the above dispersion width Pdif calculated 
by the correlation calculation circuit 510 is within a pre- 
determined range set and stored in advance (shown by 
the dotted line in FIG. 9). For example, in a plurality of 
samplings, when the number of times the predeter- 
mined range is exceeded is a certain level or higher, the 
abnormality judging circuit 51c judges that the radar ap- 
paratus is abnormal (step S90). 
[0070] Moreover, when the cross-correlation between 
the two low-intensity spectrum signals is calculated, for 
example, as a calculation method for the correlation, if 
the calculated cross-correlation coefficient is not higher 
than a predetermined coefficient value, the above de- 
scribed abnormality judgement is performed. 
[0071] Furthermore, at the time of computing and 
judging the correlation between the above two low-in- 
tensity spectrum signals, not only the spectral whole 
width is compared, but also only a frequency band of 
the roadbed reflection component having a high contri- 
bution rate may be compared. 

[0072] The abnormality judging circuit 51c performs 
the above described abnormality judgement for each 
combination circuit of the transmission circuit 30 and the 
reception circuit 40 which constitute the multi-beam ra- 
dar. When there is a combination circuit which is judged 
to be abnormal, the abnormality judging circuit 51c 



specifies the circuit and outputs an abnormality signal 
to the processing unit 51 . 

[0073] The processing unit 51 which has received the 
above described abnormality judging signal, displays a 
5 warning to the effect that there is an abnormality in the 
radar apparatus 1 (or as required, up to the combination 
circuit in which the abnormality has been found) in a 
place which can be easily checked by the passenger, 
such as an instrument panel of the vehicle. The process- 
's ing unit 51 can calculate the position of the target object 
by excluding the data in the combination circuit which is 
abnormal. 

[0074] As described above, according to this embod- 
iment, in addition to the effect by means of the above 
is described embodiment, the correlation value between 
the low-intensity spectrum signals can be processed by 
the Doppler correction to obtain accurate judgement, 
even if the frequency of the FM wave rises or falls be- 
tween two points to be sampled, or the vehicles own 
20 speed changes. Moreover as required, by excluding the 
data for a combination circuit which has been judged to 
be abnormal, and calculating the position of the target 
object, problems due to the abnormality can be prevent- 
ed. 

25 [0075] The case where a radar apparatus according 
to the present invention is applied to an FM-CW multi- 
beam radar apparatus which uses a radio frequency in 
the millimeter-wave band has been described above 
with reference to embodiments. However the present in- 
30 vention is not limited to the above embodiments, and is 
similarly applicable to, for example, a pulse radar appa- 
ratus and the beforementioned scan beam radar appa- 
ratus. 

[0076] As described above, according to the present 
35 invention, with a radar apparatus used mounted on a 
vehicle and having: a beam transmission device for 
transmitting a beam; a beam reception device for receiv- 
ing a signal reflected from a target object; and a process- 
ing unit for detecting a position of a target object from 
40 the transmission signal and the reception signal, the 
processing device has a roadbed reflection analysis de- 
vice for analyzing from among the reception signals a 
roadbed reflection signal reflected from a roadbed , and 
incorporates an abnormality judging device forjudging 
45 an abnormality of the beam transmission device or the 
beam reception device, based on the analysis results of 
the roadbed reflection analysis device. 
[0077] An abnormality in the radar apparatus is 
judged based on whether a reflection from a roadbed is 
50 detected or not, by analyzing from among reception sig- 
nals a roadbed reflection signal reflected from the road- 
bed. Hence, abnormality in the radar apparatus can be 
detected and judged during travelling, without transport- 
ing and setting a vehicle in a special measurement en- 
55 vironment to measure the sensitivity, and without de- 
pending upon the road environment, such as the pres- 
ence or absence of a target object normally serving as 
a target of the radar apparatus. 



BNSDOCID: <EP 1031651A2_I_> 



8 



15 



EP 1 031 851 A2 



16 



[0078] With the radar apparatus which detects the po- 
sition of a target object by using the transmission signal 
and the reception signal and performing frequency con- 
version processing, the processing unit has a signal 
separation device for separating a low-intensity spec- 
trum signal not higher than a previously set predeter- 
mined intensity level, from among the frequency-con- 
version processed received spectrum signals. Prefera- 
bly the roadbed reflection analysis device analyzes the 
separated low-intensity spectrum signal as the roadbed 
reflection signal. 

[0079] The low-intensity spectrum signal peculiar to 
the reflection signal from the roadbed can be separated 
and analyzed, and the power spectrum can be com- 
pared with the roadbed reflection signal data stored in 
the memory to judge the abnormality. 
[0080] Furthermore, the roadbed reflection analysis 
device is further provided with a correlation calculation 
device for calculating a correlation value between the 
low-intensity spectrum signal at optional one time and 
the other low-intensity spectrum signal at another time. 
The abnormality judging device preferably judges an ab- 
normality in the beam transmission device or the beam 
reception device, based on the calculated correlation 
value. 

[0081] The correlation calculation device calculates 
the correlation value between low-intensity spectrum 
signals in very small intervals, and the abnormality judg- 
ing device judges that the radar apparatus is abnormal, 
when the correlation between them is low. Therefore, it 
can be judged if the transmission and reception sensi- 
tivity of the radar apparatus is normal or not in an op- 
tional roadbed situation, without storing and comparing 
a large amount of data in the memory. 
[0082] Moreover, the radar apparatus comprises a ve- 
hicle speed detection device for detecting the moving 
speed of the vehicle, and the roadbed reflection analysis 
device further has a Doppler calculation device for cal- 
culating the Doppler shift quantity caused by the vehi- 
cles own speed at the time of respective sampling, with 
respect to the two low-intensity spectrum signals whose 
correlation value is calculated. Desirably the correlation 
calculation device calculates the correlation value 
based on these Doppler shift quantities. 
[0083] Even if the vehicles own speed varies between 
the two points where the low-intensity spectrum signal 
is detected, this can be corrected, and the error in the 
correlation value can be corrected to perform accurate 
judgement. 

[0084] Moreover, in the case of an FM-CW radar ap- 
paratus in the millimeter-wave band, the radar appara- 
tus further comprises a Doppler calculation device for 
calculating the Doppler shift quantity of the received 
spectrum signal in a frequency rising section of the FM- 
modulated transmission signal and the Doppler shift 
quantity of the received spectrum signal in a frequency 
falling section of the transmission signal. Preferably the 
correlation calculation device calculates the correlation 



value of the low-intensity spectrum signals in the fre- 
quency rising section and the frequency lalling section, 
from the low-intensity spectrum signal detected in the 
frequency rising section, the low-intensity spectrum sig- 
s nal detected in the frequency falling section. The re- 
spective Doppler shift quantities calculated by the Dop- 
pler calculation device. 

[0085] The Doppler calculation device calculates the 
Doppler shift quantity of the received spectrum signals 

10 in the frequency rising section and the frequency falling 
section, from the vehicles own speed detected by the 
vehicle speed device. The correlation calculation device 
calculates the correlation value by correcting respective 
Doppler shift quantities in the frequency rising section 

is and the frequency falling section at the time of calculat- 
ing the correlation value. Therefore, even if the frequen- 
cy of the FM wave rises or falls between two points to 
be detected or the vehicles own speed changes, the cor- 
relation value can be corrected to perform accurate 

20 judgement. 
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1. A radar apparatus for mounting on a vehicle, said 
radar apparatus comprising: 

beam transmission device for radiating a beam 
as a transmission signal; 
beam reception device for receiving a signal re- 
flected from a target object which is within a ra- 
diation range of said radiated beam; and 
a processing unit for detecting the position of a 
target object from said transmission signal and 
said received reception signal, wherein 
said processing unit has roadbed reflection 
analysis device for analyzing from among the 
reception signals, a roadbed reflection signal 
reflected from a roadbed, and incorporates 
abnormality judging device for judging an ab- 
normality of said beam transmission device or 
said beam reception device, based on the anal- 
ysis results of said roadbed reflection analysis 
device. 



2. A radar apparatus according to claim 1 , wherein 
said processing unit detects the position of said tar- 
get object by using said transmission signal and 
said reception signal and performing frequency 
50 conversion processing, 

said processing unit comprises signal separa- 
tion device for separating a low-intensity spec- 
trum signal not higher than a previously set pre- 
55 determined intensity level, from among the re- 
ceived spectrum signals which have been fre- 
quency-conversion processed by said process- 
ing unit, and 
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said roadbed reflection analysis device analyz- 
es said separated low-intensity spectrum signal 
as the roadbed reflection signal. 

3. A radar apparatus according to claim 2, wherein s 
said roadbed reflection analysis device is further 
provided with correlation calculation device for cal- 
culating a correlation value between said low-inten- 
sity spectrum signal at one time and said other low- 
intensity spectrum signal at another time, and io 

said abnormality judging device judges an ab- 
normality in said beam transmission device or said 
beam reception device, based on said calculated 
correlation value. 



4. A radar apparatus according to claim 3, wherein 



75 



said veh icle has vehicle speed detection device 
for detecting the moving speed of said vehicle, 
and 20 
said roadbed reflection analysis device further 
has Doppler calculation device for calculating 
a Doppler shift quantity of said received spec- 
trum signal calculated from the moving speed 
at said one time, and a Doppler shift quantity of 25 
said other received spectrum signal calculated 
from the moving speed at said other time, and 
said correlation calculation device calculates 
said correlation value based on the Doppler 
shift quantity at said one time and the Doppler 30 
shift quantity at said other time. 

5. A radar apparatus according to claim 3, wherein 

said radar apparatus is an FM-CW radar appa- 35 

ratus in the millimeter- wave band, 

said vehicle has vehicle speed detection device 

for detecting the moving speed of said vehicle, 

and 

said roadbed reflection analysis device has *o 
Doppler calculation device for calculating from 
said detected moving speed of the vehicle, the 
Doppler shift quantity of said received spectrum 
signal in a frequency rising section of the trans- 
mission signal of said FM-modulated beam, 45 
and the Doppler shift quantity of said received 
spectrum signal in a frequency falling section 
of said transmission signal, and 
said correlation calculation device calculates 
the correlation value of said low-intensity spec- so 
trum signals in said frequency rising section 
and said frequency falling section, from said 
low-intensity spectrum signal detected in said 
frequency rising section, said low-intensity 
spectrum signal detected in said frequency fall- ss 
ing section, and the respective Doppler shift 
quantities calculated by said Doppler calcula- 
tion device. 
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unit comprises a signal separation device, a roadbed re- 
flection analysis device and an abnormality judging de- 
vice, and the radar apparatus is judged to be abnormal 
when a reflection signal from a roadbed is not detected 
by the roadbed reflection analysis device with respect 
to a low-intensity spectrum signal separated by the sig- 
nal separation device. 
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